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APPARATUS FOR FLUID PURIFICATION AND 
METHODS OF MANUFACTURE AND USE THEREOF 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

This invention relates to devices able to purify fluids electrically and, more 
particularly, to such devices contained within pressure vessels, as weU as to methods of 
manufacture and use Aereof 

10 

Description of the Related Art 

Devices able to purify fluids using electrical fields are commonly used to treat 
water and oflier liquids containing dissolved ionic species. Two types of devices are 
electrodialysis devices and electrodeionization devices. Within these devices are 

15 concentrating and diluting compartments, separated by anion and cation selective 
membranes. An applied electric field causes dissolved ions to migrate tiurough the 
membranes, resulting in the liquid of the diluting compartment being depleted of ions 
while the liquid in the concentrating compartment is enriched witli the transferred ions. 
Typically, flie liquid in the diluting compartment is desired (the **producf * Kquid), while 

20 tiie liquid in the concentrating compartment is discarded (the **rejecf ' liquid). In 

electrodeionization, the diluting and concentration compartments may also contain ion 
exchange resins. The ion exchange resin may act as a path for ion transfer, and also may 
serve as an increased conductivity bridge between the membranes for movement of ions. 
Electrodeionization devices include "plate-and-fiame" electrodeionization 

25 devices such as fliose disclosed by, for example, in U. S. Patent No. 4,931,160 by 
Giufifrida, in U. S. Patent No. 4,956,071 by GiuflBdda et ai, and in U. S. Patent No. 
5,3 16,637 by Ganzi et al Electrodeionization devices having other geometries have 
been disclosed by, for example, in U. S. Patent No. 5^92,422 by Liang e/ oi, in U. S. 
Patent No. 5,376,253 by Rychen et al, and in U. S. Patent No. 6,190,528 by Li et al 

30 

SUMMARY OF THE INVENTION 
This invention relates to devices able to purify Uquids electrically that are 
contained within pressure vessels, as well as to methods of manu&cture and use fliereof. 
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In one aspect, the present invention provides a fluid purification system. In one 
set of embodiments, the system comprises an electrical purification apparatus and a 
pressure vessel surrounding the electrical purification apparatus. The apparatus is 
constructed and arranged to produce a non-radial flow therein. In one embodiment, flie 
5 electrical purification apparatus comprises an electrodeionization device. 

In another set of embodiments, the system comprises an electrical purification 
apparatus secured within a pressure vessel. TTie electrical purification apparatus 
comprises an ion exchange compartment comprising parallel sub-compartments. 

In another aspect, the present invention provides a method. In one set of 
10 embodiments, flie method is a method of purifying a fluid. The method comprises the 
steps of providing an electrical purification apparatus, pressurizing the apparatus, and 
passing the liquid to be purified through the apparatus. The electrical purification 
apparatus is constructed and arranged to produce a non-radial flow therein. In one 
embodiment, the electrical purification apparatus comprises an electrodeionization 
15 device. 

In another set of embodiments, the present invention provides a method of 
&cilitating purification of a liquid. The method comprises the steps of providing an 
electrical purification apparatus constructed and arranged to produce a non-radial flow 
tibierein, and securing the apparatus in a pressure vessel. 

20 In another set of embodiments, the present invention provides a method of 

purifying a liquid. The method comprises fke steps of providing an electrical 
purification apparatus, securing the apparatus within a pressure vessel, and passing flie 
liquid to be purified through the apparatus. Hie electrical purification apparatus is 
constructed and arranged to produce a non*radial flow therein. 

25 In another aspect the present invention provides a system for purifying a liquid. 

The system, in one set of embodiments, conoprises a pressure vessel, an electrical 
purification apparatus secured within the pressure vessel, a point of entry fluidly 
connected to the apparatus, and a point of use fluidly coimected to the apparatus. The 
electrical purification apparatus is constmcted and arranged to produce a non-radial flow 

30 fliereiiL In one embodiment, the electrical purification apparatus comprises an 
electrodeionization device. 

In another aspect, the present invention provides method of facilitating 
purification of a liquid The method comprises the steps of providing a pressure vessel 
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fluidly connectable to a point of entry, providing an electrical purification apparatus 
constructed and arranged to produce a non-radial flow therein, positioning the apparatus 
within tiie pressine vessel, and providing a point of use fluidly connectable to tibie 
apparatus. In one embodiment, tiie electrical purification apparatus comprises an 
5 electrodeionization device. 

In another aspect, the present invention provides a system for purifying a liquid. 
The system comprises an electrical purification apparatus comprising an ion exchange 
compartment, and a substantially cylindrical pressure vessel surrounding the apparatus. 
The electrical purification apparatus is constmcted and arranged to produce a non-radial 
10 flow therein. Tlie ion exchange compartment is constructed and arranged to produce a 
constant liquid velocity therein. In one embodiment, the electrical purification apparatus 
comprises an electrodeionization device. 

In another aspect, the present invention provides an endblock. The endblpck 
comprises an endplate constmcted and arranged to be secured to a pressure vessel, and 
15 an insulating material attached to the endplate. The insulating material electrically 
insulates the endplate 6om an interior of the pressure vessel. 

Other advantages, novel features, and objects of the invention will become 
apparent fix>m the following detailed description of non-limiting embodiments of the 
invention when considered in conjunction with the accompanying drawings, which are 
20 schematic and which are not intended to be drawn to scale. In the figures, each identical 
or nearly identical component that is illustrated in various figures typically is represented 
by a single numeral. For purposes of clarity, not every component is labeled in every 
figure, nor is every coixq)onent of each embodhnent of the invention shown where 
illustration is not necessary to allow those of ordinary sldll in tiie art to understand the 
25 invention. Li cases where Ifae present specification and a document incorporated by 
reference include conflicting disclosure, the present specification shall control. 

BRIEF DESCRIPTION OF THOE DRAWINGS 
Preferred, non-linuting embodiments of the present invention will be described 
30 by way of example with reference to the accompanying drawings in which; 

FIG. 1 is a schematic diagram of a system for purifying a liquid according to one 
embodiment of tiie present invention; 
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FIG, 2 is an exploded perspective view of one embodiment of the present 
invention; 

FIG, 3 is a schematic diagram of one embodiment of the present invention, 
illustrating a pressmre vessel containing an electrical purification apparatus with one 
5 inlet; 

FIG. 4 is a schematic diagram of one embodiment of flie present invention, 
illustrating a pressure vessel containing an electrical purification apparatus with two 
inlets; 

FIG. 5 is a schematic diagram of one embodiment of the present invention, 
10 illustrating an electrical purification apparatus attached to a wall of a pressure vessel 
using a flange; 

FIG. 6 is a schematic diagram of one embodiment of the present invention, 
illustrating an electrical purification apparatus afiixed to a sidewall of a pressure vessel; 

FIG. 7 is a schematic diagram of one embodiment of the present invention, 
15 illustrating an electrical purification apparatus affixed to a head of a pressure vessel; and 

FIG. 8 is a schematic diagram of one embodiment of the present invention, 
illustrating an electrical purification apparatus contained entirely within a pressure 
vessel. 

20 DETAILEaODESCBIPTION 

The present invention relates to devices able to purify fluids electrically that are 
contained within pressure vessels, as well as to methods of manu&cture and use thereof. 
Liquids or o&er fluids to be purified enter the purification device and, under the 
influence of an electric field, are treated to produce an ion-depleted liquid. Species from 

25 the entering liquids are collected to produce an ion-concentrated liquid. Increasing the 
exterior pressure on the device may reduce the pressure diiSference between tiie interior 
of the device and the exterior, which may reduce manufactming costs or simplify 
constmction. 

FIG. 1 illustrates a system for purifying a liquid according to one embodiment of 
30 the invention. The system 105 conxprises an electrical purification apparatus 100, 

positioned within a pressure vessel 110. Pressure vessel 110 may be pressurized or filled 
using any suitable technique, for example, by filling or partially filling the pressure 
vessel interior with a fluid or a solid material. In the particular ^bodiment illustrated in 
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FIG. 1, a fluid 120 origmating from a point of entry 160 through inlet 130 enters 
apparatus 100 fiom within pressure vessel 110. During normal operation, apparatus 100 
may concentrate ions within certain compartments of the apparatus by the application of 
an electric field, which may promote the migration of ions through ion exchange 
5 membranes. This procedure results in an ion-concentrated liquid 140 and an ion- 
depleted liquid 150. Ion-concentrated liquid 140 and ion-depleted liquid 150 leave the 
apparatus through outlets 145 and 155, respectively. Ion-depleted liquid 150 may be 
transferred to a point of use 170. Fluid 135 entering pressure vessel UOmaybean 
organic compound, an aqueous solution, or water, such as fresh water, salt water, or 
10 wastewater, for example, from a water treatment plant, or a manufecturing facility. The 
water may also be water from a reservoir, a holding tank, or tiie ocean. In some 
embodiments, the ion-depleted liquid may be purified water, such as water comprising 
less than 1 ppm, less than 500 ppb, less than 100 ppb, less than 50 ppb, less than 10 ppb, 
less flian 5 ppb, or less than 1 ppb of contaminant The contaminant may be, for 
15 example, an ion diflBcult to remove from water, such as Mg^"** or Ca^^ In another 

embodiment, the ion-depleted liquid may be ultra-high purity water, for example, water 
with a resistivity of greater than 1 8 megohm-cm. 

As used herein, an "electrical purification apparatus" is an apparatus that can 
purify a fluid containiag dissolved ionic species by applying an electrical potential to 
20 inBuGDce ion transport within the fluid. Examples of an electrical purification apparatus 
include an electrodiatysis device and an electrodeionization device. The terms 
"electrodialysis** and "electrodeionization" are given their ordinary definitions as used in 
the art An electrodialysis device typically has several fluid conqiartments that are used 
to dilute or concentrate ions and other dissolved contaminants. In an electrodeionization 
25 device, an electrically active media is additionally used witdn one or more fluid 

compartments to collect and discharge ionizable species, or to facilitate the transport of 
ions by ionic or electronic substitution mechanisms. Electrodeionization devices can 
include media which can permanent or temporary charge, and can operate to cause 
electrochemical reactions designed to achieve or enhance performance. 
30 Point of entry 160 may be any unit operation producing a fluid or opemting on a 

fluid, such as, but not limited to, ultrafiltration, nanofiltiation, sedimentation, distillation, 
humidification, reverse osmosis, dialysis, an electrodeionization apparatus, or an 
. electrodialysis apparatus. The point of entry may also be a reactor in some 
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embodiments, where a fluid is generated, or a heat exchanging system, where a fluid is 
used for heating or cooling operations. In certain embodiments, Ihe point of entry may 
also be a reservoir of liquid, such as a storage vessel, a tank, or an outdoor holding pond, 
or, in the case of water, the point of entry may also be a natural or artificial body of 
5 water, such as a lake, a river, a canal, or an ocean. Between point of entry 160 and 
pressure vessel 110 may be any mmiber of additional operations that may operate on the 
fluid, for example, a reverse osmosis device or a reservoir. 

Point of use 170 may be any location in which a liquid is desired. For example, * 
the point of use may be a spigot, a reservoir, or a imit operation in which a liquid is 

10 needed, such as may be found in a cooling system, a rejfiigeration system, or a 

manufacturing plant The liquid from point of use 1 70 may also be used in equipment 
that purifies or stores the liquid, for example, in bottles or a tank. Point of use 170 may 
also be in a chemical plant, a city, or a building such as a house or an apartment 
complex, or it may be a discharge to the natural environment. Between pressure vessel 

15 110 and point of use 170 may be any number of additional operatiotis or distribution 
networics, for example, an ultrafiltration device, a reservoir, or a water distribution 
system. 

It should be understood Oat the systems and methods of the present invention 
may be used in connection with any system where the purification of a liquid or liquids 

20 may be desired. Consequently, flie system as illustrated in FIG. 1 may "be modified as 
needed for a particular process. For example, additional inlets or ouflets may be added to 
the pressure vessel or the electrical purification apparatus; pumps, reservoirs, valves, 
stirrers, surge tanks, sensors, or control elements may be added to the system to control 
liquid flow; or additional process units such as filtration or reverse osmosis umts may be 

25 added to the system to further purify the liquid, without departing tcom the scope of the 
invention. 

FIG. 2 illustrates an exploded diagram of another embodiment of the invention. 
In the embodiment shown in this figure, the pressure vessel 200 is shown as a cylinder 
that surrounds electrical purification apparatus 100. Electrical purification apparatus 100 
30 isalsoillustFatedinFIG.2inane7iplodedview. 

Although pressure vessel 200 as depicted in HG. 2 is a cylinder that is only 
slightly larger than electrical purification apparatus 100, in other ^bodiments, pressure 
vessel 200 may have other shapes, and is not limited to the size of apparatus 100. For 
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example, pressure vessel 200 may be spherical, or it may be cylindrical, for example, 
with hemispherical ends as depicted in FIG. 1, elliptically-shaped heads, or flat ends. 
The pressure vessel may also be a line or a pipe, for example, a pipe that fluidly connects 
at least two unit operations. As used herein, a ^'pressure vessel" is any vessel that can 
5 withstand pressures above or below atmospheric pressure, such as pressures greater than 
or less than about 2 pounds per square inch ^si) from atmospheric pressure, pressures 
greater than or less than about 10 psi from atmospheric pressure, or pressures greater 
than or less than about 14 psi from atmospheric pressure. In some cases, the pressure 
vessel may be able to withstand even greater pressures. The pressure vessel may be 
10 made of any material capable of withstanding these pressures, such as a metal or a 

plastic. Metals, such as stainless steel or aluminum, maybe used to constmct vessels in 
some embodiments, because such metals may be able to withstand larger forces. 
However, in other embodiments, polymeric materials such as polypropylene, 
polysulfone, polyethylene, polyvinyl chloride, chlorinated polyvinyl chloride, fiberglass- 
15 reinforced plastic CTRP") (for exan^le filament-wound reinforced plastic vinyl 

polyester composite), or a polyolefin may be used, due to their inert or nonconducting 
nature, such as when liquid contaminatron is a primary concern, or when the fluid 
entering the pressure vessel is chemically reactive, far example, an acid or ultra-high 
purity water. Other polymers may be used as well. In some embodiments, pressure 
20 vessel 200 may be made out of a first material lined with a second material. The first 
material may be any material able to withstand pressure, such as a metal or a plastic. 
The second material lining the vessel may be, for example, inert to liquids or gases 
within the pressure vesseL For example, the pressure vessel may be made out of 
stainless steel with a coating of a polymer such as polytetrafluoroethylene. Pressure 
25 vessel 200 may have additional fimctions, such as, but not limited to, enabling mixing or 
settling operations, facilitating chemical reactions, performing reverse osmosis, or 
having electrically insulating properties. Additional components, such as, but not limited 
to, relief valves, vacuum breakers or sensors, such as, for example, measuring 
conductivity, temperature, pressure, composition, orpH, may also be present on or 
30 wifliin the pressure vessel, depending on the applicatioiL 

In one set of embodiments, electrical purification q^aratus 100 includes ion 
exchange compartments 210, sq)amted by ion selective membranes 220. Each end of 
electrical purification apparatus 100 may have an electrode 230 and an endblock 240. 
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OptionaUy, when assembled, a series of tie rods 250 may run through the apparatus. 
However, other suitable methods may be used to secure apparatus 100 in oflier 
embodiments, such as flanges, welds, retaining rings, retaining pins, or adhesives. 

Ion exchange compartments 210 may have the same size or different sizes. In 
5 FIG. 2, the cross-section of ion exchange compartments 210 are depicted as being 

circular, however, other cross-sections are also within flie scope of the present invention, 
for example, a rectangle, or a polygon such as a pentagon or a hexagon. In particular, the 
shapes of the ion exchange compartments or chambers are not determined by the shape 
or size of pressure vessel 200. Ion exchange compartments 210 may each have any 

10 number of inlets and outlets (not shown), hi some embodiments, an alternating series of 
concentrating and diluting compartments are used; however, olher arrangements, such as 
a series of two diluting compartments adjacent to two concentrating compartments, may 
also be used. The materials forming the ion exchange compartments may be any suitable 
material, such as, but not lunited to, a polymeric material, for example, polyvinyl 

15 chloride, chlorinated polyvmyl chloride, polypropylene, polysulfone, polyethylene, a 
polyolefin, or a gjass-reinforced plastic or polymer, such as gjlass-remforced 
polypropylene. Ion exchange compartments 210 each may have any number of inlets or 
outlets (not shown) to allow liquid to flow Enough the compartment In some 
embodiments, the inlets and ouflets may be located on the periphery of ion compartments 

20 210, to minimize stagnant liquid flow or "dead" volumes. 

Ion exchange membranes 220 may allow the species of one charge to pass 
through but may generally restrict the motion of species canymg the opposite charge. 
For example, membranes ttiat generally allow passage of cations (positive ions) over 
anions (negative ions) are cation membranes; membranes that generally allow passage of 

25 anions over cations are anion membranes. The ion exchange membranes may comprise, 
for example, an ion exchange powder, a polyethylene powder binder, and a glycerin 
lubricant The ion exchange powder may be, for ^cample, a cation exchange powder 
such as PUROLITB™ C-IOOIP sodium resonium powder, available fix)m the Purolite 
Company (Bak Cynwyd, PA); or an anion exchange powder such as PUROUTB™ A- 

30 430IP cholestyramine powder, available from the Purolite Company (Bala Cynwyd, PA). 
The membranes may be formed by any suitable technique, for example, by mixing tiie 
raw materials, and forming and extrading the pellets made from flie materials into 
con^osite sheets. Other types of membranes, such as neutral membranes, size-exclusion 
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membranes, or membranes that are impermeable to specific ions can be used wifliin &e 
electrical purification apparatus in some embodiments of the invention. In one set of 
embodiments, an alternating series of cation and anion membranes separated by ion 
exchange membranes 210 are used; however, other anangements, including those that 
5 use other types of membranes, such as size-exclusion membranes, may also be used in 
other embodiments. 

Ihe same liquid may be passed through both ion exchange compartments, or one 
liquid may be passed through one compartment and a different Uquid passed through the 
other. Straps, baffles, walls, ribs, or other components may be used to direct liquid flow 
10 within each ion exchange compartment In one embodiment, depicted in FIG. 2, straps 
270 may be arranged to produce a series of pwaUel sub-compartments 260 within each 
ion exchange compartment 210, tesultmg m a net non-radial flow 275, where the net or 
unifoim liquid flow is the averse or bulk flow dnection of the liquid, ignoring the 
perturbations to liquid flow caused by the presence of resin within sub-conqjartments 
15 260. In soine embodunents, sub-compartments 260 may be designed such that the width, 
height, or cross-sectional area of each flow channel does not vary substantially, for 
example, to cause a unifonn liquid flow velocity profile thiou^out the compartment, 
which may allow more unifonn mixmg wifhm die compartment, or more umfomi 
transfer rates Ihiou^ the conqwrlment to occur. Sub-con^artments 260 withm ion 
20 exchange compartment 210 do not necessarily have to be parallel to each ofcer, and they 
may have othear shs^s besides flie rounded rectangles illustrated in HG. 2, for exan^Ie, 
but not Ihnited to, square, circles, rectangles, triangles, ovals, or hexagons. In other 
embodiments, straps 270 maybe arranged to produce a zigzag flow of Kquid Ihrou^ flie 
compartment tp extend ftie path lengfli of Kquid flow within the compartment, or straps 
25 270 may not be present at all. Other noh-radial flows 275 within sub-compartments 260 
are ahso cantenq)lated. For example, sub-compartments 260 may be arranged wi4in ion 
exchange compartment 210 to form a triangular or a square array of sab-conq)arlment8, 
so that liquid flow within each sub-compartment 260 is not dhected towards the center of 
ion exchange compartment 210. As usedherem, '"radial" refers to fluid flow that 
30 ultimately converges to or starts from the center, or close to flie center, of flie ion 
exchange compaitment 

Non-radial flows wifliin an ion exchange conq)arhnent naay reduce the pressure 
• shear forces qjplied to the ion exchange membranes or flie str^s or baffles wifliin the 



or: 
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ion exchange compartment, compared to radial Uquid flows, such as those described, for 
example, by Liang et al. in U. S. Patent No. 5,292,422, the teachings of which are hereby 
incorporated by reference in their entirety. Non-radial flows may thus, it is beKeved, 
extend the lifetimes of the ion exchange membranes, or allow the ion exchange 

5 compartment to be constructed out of Ughter or less expensive materials. The use of 
non-radial flows within the ion exchange compartments may also aUow construction of 
&e ion exchange compartments to be easier or simpler. Non-radial flows within the ion 
exchange compartaient may also aUow uniform Uquid flow velocity profiles within the 
compartment, which may result in more even or more predictable ion exchange, more 

10 rapidmixing. or shortw liquid residence times, for example, compared to radial liquid 
flows. Ion exchange compartments wifli non-radial flows may also be sinq)ler to 
manufectuie, because fewer internal straps or baffles maybe required to Foduce the 
non-radial flow, and inlets and outlets may be positioned at the periphery of the ion 
exchange compartment instead of flie center, resulting in easier and simpler access. 

15 Inletsandoutletspositionedatlheperipheiyoftheionexchangecompartmentsmayalso 

simplify the loading and replacement of any ion exchange resins that may be present 
within the compartment, for example, in electcodeionization devices. Lesser amounts of 
piping and other fluid connections may be required for each ion exchange cwnpartment, 
which may simplify construction in some cases. 
20 During operation, an electric field is applied to the ion exchange conw^ents 

from electrodes 230, which may create a potential gradient that causes ions to migrate 
ftom file diluting compartments into the concentrating compartments. Hie electric field 
maybeappUedperpendicularlytoUquidflow275. Hieelectricfieldmaybeuniformly 

appKed across ion exchange con^artments 210. resulting in a unifonn, substantially 
25 constant electric field density across ion exchange compartments 210; or tiie electric field 
may be nonuniformly appKed, resulting in a nonuniform current density. The electric 
field may also be applied as a gradient, for example, increasing or decreasing across 
electrical purification apparatus 100 or along Uquid flow 275. Hie electric field may also 
be appUed at a sUght or sharp angle to flie Uquid flow. Any one of tiie electrodes 230 
30 may be used as a catiiode or an anode. In some janbodhnents of flie invention, fixe 
polarity of the electrodes may occasionally be reversed during operation, reversing flie 
position of flie catiiode and die anode. The electrodes may be made out of any material 
suitable for applying flie electric field. The electrodes may be used, for example, for 
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extended periods of time without significant corrosion. Examples of materials include 
platinum, titanium or stainless steel. The electrodes may also be coated in some 
embodiments, for example, with platinum, ruthenium oxide or iridium oxide. 
In one set of embodiments, the electrical purification apparatus is an 

5 electrodeionization device. In these embodiments, one or both of ion exchange 

compartments 210 may be filled with a resin (not shown). The resin may be a cation, 
anion, or inert resin, and may be present as spherical beads or other discrete particles. 
The lesin may also be present in other gpometries as weU. such as powder, fibers, mats, 
or extnided screens. The resin may comprise any material suitable for binding ions and 

10 other species fiom solutions, for example, silica, a zeolite, or a polymer, such as a 
poly(diyinylbenzene-co-5tyrene). The resin may include cation materials having weak 
base functional groups on their surfece regions, such as tertiaiy alkyl amino groups. The 
resins may also include anion lesin materials, such as tiiose containing Type E fimctional 
groups on their surfece regions, for exanqile, dimethyl ethanolamine, or Type I 

15 fimctional groups (quaternary ammonium groups) on flieir surfece regions. These 

materials are commerciaUy available, for exampl^ as DOWEX™ WB A resin, available 
from the Dow Chemical Company (Midland. MI) or AMBERJET™ 4600 Type H resin 
available fiom the Rohm & Haas Corporation (Philadelphia, PA). Additionally, tiie resin 

wiftin ion exchange compartment 210 can have a variety of arrangements including, but 
20 not limited to, layered packings as described by DiMascio efaZ. inU. S. PatentNo. 
5,858,191, the teachings of which are incorporated by reference. Other types of particles 
may be present as well, to, for example, catalyze reactions, adsorb substances, or filter 
outsoUds. It wiUfijrtheimore be undeiBtood that a variety of configurations may exist 
wifliin ion exchange compartments 210. For instance, flie ion exchange conq)artments 
25 may contain additional components, such as baffles, meshes, or screens, ^chmay be 
used to, for example, containanddirecttiieresmor control liquid flow wifliin the 

compartment. 

In one embodanent as illustrated in FIG. 2, electrical purification apparatus 100 
is assembled by the use of endblocks 240 on either end of flie apparatus, held together by 
30 flie use of tie bars 250. as would be found in a ^ical plate-and-fiame construction, fliat 
is known in the art. See, for example, U. S. PatentNo. 4,931,160 by Giuf&ida, U. S. 
PatentNo. 4.956.071 by Giuf&ida e< a?., or U. S. PatentNo. 5,316,637 by Ganzie/ci In 
flie present invention, flie "plate" inay be represented by ion exchange compartments 210 
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and the "fiame" may be represented by endblocks 240. Ion exchange membranes 220 
are arranged in parallel to each other, with the space between them forming ion exchange 
compartments 210. During operation, each ion exchange compartment 210 has an 
internal pressure. These liquid pressures surrounding ion exchange compartment 210 
5 may be essentially balanced, and the likelihood of stress-induced failures of internal 
components may be reduced. Tie bars 250 and endblocks 240 are not required for 
operation of electrical purification apparatus 100, and, in some embodiments, tie bars 
250 or endblocks 240 may be absent. Other methods of securing Apparatus 100 within 
pressure vessel 110 may be used as well, for example, by welding or thermal fusion. 
10 Mechanical flanges, adhesives, or other methods as previously described may also be 
used to assemble the apparatus. Tie bars 250 or endblocks 240 may be made out of a 
metal, such as stainless steel, titaniiun, or aluminum. However, in other embodiments, 
the tie bars or the endplates may be made out of polymeric materials, such as polyvinyl 
chloride, chlorinated pol3ndnyl chloride, polypropylene, polysulfone, polyethylene, a 
15 polyolefm, a ceramic, or oflier inert or non-conducting inaterials, such as for safety 
reasons, cost, reliability, ease of manu&ctuie, or ease of maintenance. In certain 
embodiments of the invention, endblock 240 may be a con^site of two or more 
differrait materials. For example, endblock 240 may be made out of two materials such 
as a metal and a polymer, which may, for example, prevent electrical shorting .within flie 
20 electrical purification apparatus. In other embodiments, endblock 240 may constructed 
out of three or more materials. For exanq)le, one material may provide stractural 
strength, a second material may be an insulating material, and a third material may be 
used as electrode 230. The insulating material may be any material capable of electrical 
insulation, such as a polymer, for exsanpU, polyvinyl chloride or rubber. The outer 
25 mat^l may be any material, for exanq)le, a material to provide structural strength to tiie 
apparatus, such as a metal, for example, aluminum or stainless steel. Other arrangements 
for endblock 240 may also be envisioned. 

In one set of embodiments, a fhiid 120 passes within pressure vessel 200 and 
outside electrical purification apparatus 100. Fluid 120 may be any fluid. For example, 
30 fluid 120 may be air, nitcogen gas, an oil, a hydrocarbon, an aqueous solution, or water, 
such as freshwater, salt water, or wastewater. The fluid filling or partially filling 
pressure vessel 110 may be one or more of the fluids exiting the electrical purification 
apparatus, it may be a fluid that enters ^paratus 100, or it may be a fluid that does not 
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enter the apparatus. The pressure of fluid 120 wifliin pressure vessel 200 may be greater 
than, less than, or equal to the pressure within apparatus 100. Smaller pressure 
differences between fluid 120 wilhin pressure vessel 200 and electrical purification 
apparatus 100 may be used in some situations, for example, to reduce manufacturing 
5 costs or extend the lifetime of the apparatus, due to a reduction in pressure-induced 

stresses on apparatus 100. Thus, in one embodiment, the pressure difference may be less 
than 500 psi, less than 100 psi, less than 50 psi, less than 10 psi, or less than 5 psl Either 
fluid 120 or apparatus 100 may have the greater pressure. Alternatively, there may be no 
substantial pressure difference between fluid 120 and apparatus 100, 
10 Jn another set of embodiments, electrical purification apparatus 100 within 

pressure vessel 200 is pressurized structurally, for example, by filling and pressurizing 
the space between the apparatus and the pressure vessel with a solid material The solid 
inaterial may be any inaterial that can be used to fiU and at least partiaUy pressui^ 
space between the electrical purification apparatus and the pressure vessel, for instance, 
15 to apply a pressure to at least a portion of the electrical purification apparatus. If a solid 
material is used, the material may be inert, or may be formed from of a substance that is 
unieactive toward the fluids used in the electrical purification apparatus, eq)ecially 
during application of an electric field. For example, the solid material may comprise a 
polymeric material, such as, but not limited to, polypropylene, polysulfone, 
20 polye&ylene, polyvinyl chloride, chlorinated poljnonyl chloride or a pofyoloSn. 

In one set of embodiments, fiie solid material may comprise a material fiiat is 
expanded or solidified during its formation. As an example, a material niay be placed 
between tto e;lectrical purification apparatus and fee pressure vessel, and solidified in 
place, such as in a foam or an injection molding prociess. In one embodiment flbe 
25 material is a polymer that is blown and ejcpanded into place, for example, but not Ihnited 
to, a polystyrene, polyethylene, or a polypropylene. In another embodiment, the material 
reacts to form a solid noiaterial, for example, an epoxy. 

Ihe solid material may be, in yet another set of embodiments, positioned in the 
pressure vessel durmg the fehrication process. The sohd material may be pressurized 
30 (e.g., conq)resse(Q in some embodiments, in CCTtam embodiments, however, the solid 
material is not pressurized, but is used, for oxBrnph, to prevent or reduce fluid leakage 
fipom the purification apparatus, or to occupy space or buffer the apparatus from the 
pressure vessel, for instance, against physical shock or changes iii temperature. In one 
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embodiment, the solid material allows forces generated in the electrical puriJScation 
apparatus to be transmitted to the pressure vessel. These forces may include internal 
forces such as internal hydraulic pressures, or expansion forces from the swelling of 
resins in embodiments where resins ace used, such as in electrodeionization devices. In 
5 one embodiment, an elastdmeric solid is placed between the electrical purification 
apparatus and the pressure vessel during tfie fabrication process. For example, the solid 
material may be a thermoplastic elastomer such as, but not limited to, rubber, 
polystyrene, polybutadiene, polyisoprene, polybutadiene, polyisobutylene, a 
polyurethane, polychloroprene, or a silicone. 
10 It should be noted that flie present invention may have a variety of other 

configurations. For example, in certain embodiments of the invention, both a fluid and a 
sohd material may be used between the electrical purification apparatus and the pressure 
vessel As another example, other means of applymg an external pressure on the 
periphery of the electrical pmification apparatus are contemplated. If a fluid is used to 
15 pressurize the apparatus, the fluid may be pressurized, for example, by an iq>stream 
punip or by application of Hgjxer flow rates or hydrostatic pressure heads, instead of 
being confined within a pressure vessel. As used herein, a '^pressurized fluid" refers to a 
fluid with a pressure greater than that of atmospheric pressure, typically at least greater 
than 2 psi oyer atmosph^c pressure. As previous^ discussed, a different fluid may be 
20 used to pressurize the oiitside of the apparatus, such as water or air. 

Electrical purification apparatus 100 may also have other configurations as well, 
for example, including additional components, such as additional electrodes; or other 
internal geometries, for exaiiiple, having cylindrical or spherical ion exchange 
compartments. Different inlet and ouflet configurations inay also be used. For example, 
25 several liquids may be simultaneously passed tiuough the apparatus to be concentrated 
and diluted, such as water, brine, an aqueous solution, or an organic solution. Fluid 120 
may additionally have other materials suspended or dissolved in i^ such as may be 
present in sea water. 

The fluid within the pressure vessel may be fed by one or more of the mlet fluids. 
30 For exanq)le, in one particular embodiment illustrated in FIG. 3 as a cross-sectional 

view, fluid 300 firom a point of entry 160 first enters region 370 between pressure vessel 
110 and electrical purification ^paiatus 100. Electrical purification apparatus 100 is 
divided into concentrating co mpa rtments 310 and diluting or depleting compartments 
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320 by cation exchange membranes 330 and anion exchange membranes 340. If the 
electrical purification apparatus is an electrodeionization device, then one or both of 
compartments 310 and 320 may be filled with a resin. At one end of the apparatus is an 
anode 360 and an endblock 240; at the other end is cathode 350 and an endblock 240. 
5 The fluid firom region 370 is passed from within the pressure vessel into both the 
concentrating 3 10 and diluting 320 compartments through inlets 315 and 325, 
respectively, where it is concentrated and diluted, respectively, under the influence of the 
applied electric potential. The fluid tiien exits concentrating 3 10 and diluting 320 
compartments flirough outiets 317 and 327 as ion-concentrated stream 140 and ion- 
10 depleted stream 150, respectively. la some applications, for example, in water 
purification, tiie ion-depleted stream may be retained as a product, while the ion- 
concentrated stream is discarded; however, in other applications, where concentrating 
operations may be desired, the ion-concentrated stream may be retained and tiie ion* 
depleted stream discarded. In the embodiment illustrated in FIG. 3, ion-concentrated 
15 stream 140 and ion-depleted stream 150 each end at points of use 380 and 385, 
respectively. 

In some embodiments of the invention, region 370 may be an annular region 
betfveen pressure vessel 110 and electrical purification appaiatos 100, for example, if 
both the pressure vessel and the apparatus have cross circular-cross sections. la some 
20 embodiments of the invention, a smaller region 370 may be desired, for example, to 
minimize the amount of fluid within pressure vessel 1 10 that is not within electrical 
purification apparatus 100 in embodiments where a fluid is passed flirough region 370. 
In other embodiments, however, a larger region 370 between pressure vessel 110 and 
apparatus 100 maybe desired. For example, in a pharmaceutical application where a 
25 fluid passes between the pressure vessel and the electrical purification apparatus, a larger 
region 370 between pressure vessel 1 10 and electrical purification apparatus 100 may 
allow the fluid in the region have a higgler or lower velocity profile, mim'mizmg the 
amount of "dead" volume wiflun tiie device. A *^dead" or stagnant volume may have a 
veiy low fluid velocity, for exanQ>le, less than about 10 fi/s, or less than about 5 fl/s, 
30 which could allow the growth of microorganisms to occur. In one set of etobodiments, 
ba£Qes, straps, ribs, or other devices may be used within region 370 to alter or affect 
fluid flow therein, for example, to prevent the formation of dead zones, or to &ciUtate 
uniform fluid flow within flie annular space. 
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Anofher embodiment of the invention is illustrated in FIG. 4 as a cross-sectional 
view. In this embodiment, two separate inlet fluids 400, 410 are used, thus illustrating 
that multiple inlets may be used in accordance with the present invention. One inlet fluid 
400 j&om a point of entry 460 is used to fill region 370 between pressure vessel 1 10 and 
5 electrical purification apparatus 100. From region 370, the fluid enters concentrating 
compartaients 310 through inlets 315, The other inlet fluid 410 from point of entry 470 
passes only through diluting compartments 320 of electrical purification apparatus 100, 
and does not enter region 370 between pressure vessel 1 10 and apparatus 100, The two 
fluids pass ftrough concentrating 310 and diluting 320 compartments and exit through 
10 ouflets 317 and 327 to produce the ion-concentrated 140 and ion-depleted 150 liquids, 
respectively, and from tiiere to points of use 380 and 385, respectively. 

Another embodmient of the invention is illustrated m FIG. 5 as a cross-sectional 
view. Here, two separate fluids 400, 410 from separate pomts of entry 460, 470, 
respectively, are used in electrical purification apparatus 100, but a third fluid or a solid 

15 material 500 is used to reduce tiie pressure difference between the inside of electrical 
purification apparatus 100 and pressure vessel 110, only a portion of which is illustrated 
in FIG. 5. Additionally, pressure vessel 1 10 is much larger than apparatus 100, does not 
conform to the shape of the apparatus, and does not entirely contain the apparatus. As 
used herein, "contam," "surround," '^positioned witiun," "secured within," and shnilar 

20 words and phrases includes configurations where the apparatus is only partially 

surrounded or enclosed in the pressure vessel, as well as situations where the electrical 
purification apparatus is completely surrounded or enclosed by the pressure vessel. In 
FIG. 5, one inlet fluid 400 enters concentrating compartmeiits 310 tbrougih inlets 315 
while a second inlet fluid 410 enters diluting compartments 320 trough inlets 325. lon- 

25 concentrated liquid 140 &om concentrating compartments 310 exits tiirough outlets 317 
to a point of use 170, while ion-depleted liquid 150 from diluting compartments 320 
exits through outlets 327 to pressure vessel 1 10 and mixes witii third fluid 500. In this 
embodiment, electrical purification apparatus 100 may be attached to the wall of pressure 
vessel 1 10 by means of a flange; however, other attachment methods, such as adhesives 

30 or tie rods, may also be used for attaching electrical purification qyparatus 100. 

It should be imderstood tiiat many otiier configurations are possible. For 
example, any of the outiet fluids may be recirculated back to one of the inlets or into the 
pressure vessel, or, if a fluid is used to pressurize the exterior of die electrical 
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purification apparatus, the fluid may not be connected in any fashion with either the mlet 
or the outlet fluids. Other configurations may also be envisioned. For example, flie 
inlets or the outlets may be connected to other electrical purification devices in series or 
in parallel, resulting in linked networks of electrical purification devices. Liquids could 
5 be passed through a series of electrical purification devices, each device subsequently 
concentrating or purifying the liquid. 

FIG. 6 shows another embodiment of the invention. In this embodiment, 
electrical purification apparatus 100 has been mounted to the side wall of pressure vessel 
110. In this embodnnen^ part of apparatus 100 is located outside of pressure vessel 110, 

10 permitting ready access to the apparatus, so that, for example, routine maintenance 
operations may be performed on electrical purification apparatus 100, or piping 
configurations may be easily altered, internally or extemaUy. In the embodunent 
illustrated in FIG. 7, electrical purification apparatus 1 00 has been mounted at the base 
of the pressure vessel 1 10. This may be advantageous in situations, for example, where 

15 pressure vessel 1 10 is large and access to electrical purification apparatus 100 at the 
bottom of the vessel may be more practical, safe, or cost-effective. In other 
embodiments, flie apparatus may also be positioned at the top of pressure vessel 1 10. 

In FIG. 8, electrical purification apparatus 100 is completely enclosed wifhm 
pressure vessel 110. In this embodiment, two inlet liquids 800 enter apparatus 100, 

20 resulting in an ion-concentrated liquid 140 and an ion-depleted liquid 1 50. Ion- 
concentrated liquid 140 may be passed into pressure vessel 1 10, while ion-depleted 
liquid 150 is discarded. This configuration may be advantageous in certain situations, 
for example, where leakage firom electrical purification apparatus 100 must be tightly 
controlled, for example, in the purification of toxic or biohazardous liquids. It will be 

25 understood fbst other configurations may also be possible, depending on the situation 
and tiie liquid to be conceritrated or diluted. 

The function and advantages of these and other embodiments of the present 
invention will be more fiilly understood fiom tiie followmg samples. These examples 
are intended to be illustrative in nature and are not considered to be limiting m the scope 

30 of the invention. 
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This example illustrates various conditions using one particular embodiment of 
the invention utilizing an electrodeionization device. 

A continuous electrodeionization device having twelve diluting compartments 
and twelve concentration compartments was assembled. The intennembrane spacing 
5 between flhe compartments was 0.161 inches. The cation membrane within the device 
was a heterogeneous extraded cation exchange membrane. The anion exchange 
membrane was a heterogeneous extruded anion exchange membrane. The resm used in 
both the diluting compartment and the concentrating compartment was a mixture of 
Maiaflion A anion resin and Marathon C cation resin. The ratio between the anion and 
10 cation resin was 70:30. 

The pressure vessel was constructed from polyvinyl chloride. The pressure 
vessel was a cylinder with an inner diameter of about 12.4 inches. The polyvinyl 
chloride cylinder was rated for a maximum pressure of 220 psi. The spacer within the 
electodeionization device was constructed out of low density polye&ylene. The 
15 electrodes were constructed out of titanium coated with a rathenium oxide coating. The 
endplates on the pressure vessel were also constnicted out of polyvmyl chloride. 

Results for two sample runs using the particular electodeionization device are 
shown in Table 1. The water fed to flie device in Run 1 had a higher conductivity than 
the water used in Run 2, indicating that the water in Run 1 had a higher load of ions- 
20 This electrodeionization device was able to successfully reduce the amount of 

silicon dioxide present in the inlet water by approximately 99%. Additionally, flie 
resistivity of the ion-depleted fluid was found to be approximately 17 megohm-cm after 
electrodeionization. 

Thus, this example illustrates that one embodiment of the invention may be used 
25 to reduce the concentration of silicon dioxide, as well as the resistivity of the sample 
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Example 2 

One anangement of fbe present invention is desciibed in fliis example. 
An electrodeionization apparatus is constiucted and housed in a cylindrical 
5 pressure vessel. The spacers that form the diluting and concentrating conqiartments are 
circular in shape, with an outside diameter of 5.75 inches. The thickness of each diluting 
compartments is 0.33 inches, and the thickness of each concentrating compartments is 
0.18 inches. Within each spacer are two compartments, each 3.5 inches long, and 
connected at one end to form a U-shaped flow path of 7 inches total length. The spacers 
10 are molded from a glass-reinforced polypropylene. 

The endblocks that house the electrodes are machined fiom a solid polyvmyl 
chloride (PVC) block. The cylindrical vessel consists of a PVC Schedule 40 pipe, with 
an inside diameter of 6 inches. The stack of spacers, membranes and endblocks are 
assembled and inserted into the pressure vessel, and secured within flie vessel by 
15 retaining pins at both ends. 

The electrodeionization apparatus is operated with permeate water fiom a reverse 
osmosis purification system as the feed. The feed to the diluting compartments is 
introduced directly into the compartments at a pressure of 29 psig. The product fluid is at 
a pressure of 9 psig. The feed to the concentrating compartments is first introduced at 5 
20 psig into the annular space between the inside of the pressure vessel and the outside of 
the apparatus. The water is then directed into the concentrate compartments. The 
efQuent from the concentrating compartments (i.e., the reject) is discharged to a drain. 
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The maximiim pressure dijBfcrential between the interior and tibe exterior of the 
apparatus is about 24 psig (i.e., the pressure difference between the feed to the diluting 
compartment, and fht feed to the annular space). This pressure difference may be 
narrowed by increasing the feed pressure to the annular spacer, and therefore to the 
5 concentrating compartments. The pressure difference is not significantly affected if the 
pressure of both of the feed streams is increased by the same amount 

The apparatus can be operated at feed pressure of up to 100 psig into the diluting 
compartments. With the apparatus housed inside a pressure vessel, and the feed into 
annular space also at 100 psi^, the maximum pressure difference between the interior and 
10 tiie exterior of the diluting compartments is fbe pressure drop through the diluting 

compartments, about 20 psi. The lower pressure differential allows the use of glass-filled 
polypropylene as the spacer material. 

Thus, this example illustrates an arrangement of the present invention. 

15 Those skilled in Ihe art would readily appreciate that all parameters and 

configurations described herein are meant to be exemplary and fiiat actual parameters 
and configurations will depend upon the specific application for which the systems and 
methods of the present invention are used. Those skilled in tiie art will recognize, or be 
able to ascertain using no more than routine experimentation, many equivalents to the 

20 specific embodiments of the invention described herein. For exanqile, additional inlets, 
outiets, membranes, or fluids may be added to the electrodeionization device, or the 
invention may be combined with reverse osmosis or ultrafiltration equipment It is, 
tiierefore, to be understood that the foregoing embodiments are presented by way of 
example only and that, within the scope of the appended claims and equivalents thereto, 

25 the invention may be practiced otherwise tiian as specifically described. The present 
invention is directed to each individual feature, system, or method described herein. la 
addition, any combination of two or more such features, systems or methods, if such 
features, systems or methods are not mutually inconsistent is included within the scope 
of flie present inventioa 
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CLAIMS 

1 , A fluid purification system, comprising: 

an electrical purification apparatus constructed and arranged to produce a 
non-radial flow therein; and 
5 a pressure vessel surrounding the electrical purification apparatus. 

2. The purification system of claim 1, wherein the apparatus comprises an 
electrodeionization device. 

10 3. The purification system of claim 1, wherem the apparatus comprises an 
electrodialysis device. 

4. The pinification system of claim 1, wherein the pressure vessel is substantially 
cylindrical. 

15 

5. The purification system ofclaiml,fijrfher comprising an ion exchange 
compartment the ion exchange compartment comprising an inlet and an outlet 
the inlet and the outlet each disposed on a periphery of the ion exchange 
compartment 

20 

6. The purification system of claim 5, wherein the inlet of the ion exchange 
compartment is positioned opposite to the outlet 

7. The purification system of claim 5, wherem tiie apparatus is constmcted and 

25 arranged to produce a substantially constant avemge fluid velocity independent of 

distance fi:om the inlet 

8. The purification system of clahn 1, further comprising a solid material 
surrounding at least a portion of the apparatus. 

30 

9. The purification system of claim 8, wherein the solid material comprises an 
elastomeric material. 



wo 03/033122 



CA 02461558 2004-03-23 



PCT/US02/33111 



-22- 

10. A fluid purification system, comprising: 

an electrical purification apparatus secured within a pressure vessel, 
wherein the apparatus comprises an ion exchange compartment comprising 
parallel sub-compartments. 

5 

1 1 . The purification system of claim 10, wherein the apparatus comprises an 
electrodeionization device. 



12. The purification system of claim 10, wherein the sub-compartments are 
10 constructed and arranged to produce a non-radial flow therein. 

1 3 . The purification system of claim 1 0, wherein the sub-compartments have a cross- 
sectional area that is substantially constant. 

15 14. A method of purifying a liquid, comprising: 

providing an electrical purification apparatus constructed and arranged to 
produce a noii-radial flow thereti^ 

pressurizing tiie apparatus; and 

passing the liquid to be purified througih the apparatus. 

20 

1 5. The metiiod of purifying a liquid of claun 14, wherein the apparatus comprises an 
electrodeionization device. 

16. The method of purifying a liquid of claim 14, wherein the apparatus comprises an 
25 electrpdialysis device. 

17. The mefliod of purifying a liquid of claun 14, wherein flie step of pressuriznig flie 
apparatus comprises pressurizing the apparatus with a fluid. 



30 18. 



The method of purifying a liquid of claim 14, wherein the step of pressurizmg the 
apparatus comprises surrounding at least a portion of tiie apparatus with a solid 
material. 
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19. The method of purifying a liquid of claim 14, wherein the step of pressurizing the 
apparatus comprises pressurizing the apparatus with the liquid. 

20. The method of purifying a Kquid of claim 17, wherein the pressurized fluid has a 
5 pressure that is within SO psi of a pressure of the liquid. 

21. The method of purifying a liquid of claim 17, wherein the pressurized fluid has a 
pressure that is within 10 psi of a pressure of the liquid. 

10 22. The method of purifying a liquid of claim 1 7, wherein the pressurized fluid has a 
pressure that is wifhin 5 psi of a pressure of the liquid. 

23 . The method of purifying a liquid of claim 14, fiirfher comprising applying an 
electric field perpendicularly to the liquid fluid flow. 

15 

24. The method of purifying a liquid of claim 14, furQier comprising applying a 
substantially uniform electric field to tiie liquid. 

25. A method of facilitating purification of a liquid, comprising: 

20 providing an electrical purification apparatus constructed and arranged to 

produce a non-radial flow tiierein; and 

securing the apparatus in a pressure vessel. 

26. The method of &cilitating purification of a liquid claim 25, wherein the apparatus 
25 comprises an electcodeionization device. 

27. The method of facilitating purification of a liquid of claim 25, wherein the step of 
securing the apparatus in a pressure vessel coiiq)rises securing tiie apparatus in a 
cylindrical vessel. 

30 

28. The method of facilitating purification of a liquid of claim 25, fiirther comprising 
fluidly cormecting the apparatus to a point of entry. 
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29. The method of facilitating purification of a liquid of claim 25, furflier comprising 
fluidly connecting the apparatus to a point of use. 



30. The method of facilitating purification of a liquid of claim 25, fiurfiier comprising 
5 injecting a solid material into the pressure vessel. 

3 1 . The method of facilitating purification of a liquid of claim 25, further comprising 
surrounding at least a portion of the apparatus with a solid material 

10 32. A method of purifying a liquid, comprising: 

providing an electrical purification apparatus constructed and arranged to 
produce a non-radial flow therein; 

seciiring the apparatus wiflun a pressure vessel; and 
passing the liquid to be purified througih the apparatus. 

15 

33. The method of purifying a liquid of claim 32, wherein the apparatus comprises an 
electrodeionization device. 

34. Ihe method of purifying a liquid of claim 32, further comprismg applying an 
20 electric field perpendicularly to the liquid fluid flow. 

35. The method of purifymg a liquid of claim 32, fiirflier comprismg applying a 
substantiaify uniform electric field to the liquid. 



25 36. A system for purifying a liquid, comprising: 
a pressure vessel; 

an electrical purification apparatus secured within the pressure vessel, the 
^aratus constructed and arranged to produce a non-radial flow therein; 
a point of entry fluidly connected to the apparatus; and 
30 a point of use fluidly connected to the apparatus. 

37. The system for purifying a liquid of claim 36, wherein the apparatus comprises 
an electrodeionization device. 
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38. Thfe system for purifying a liquid of claim 36, wherein the apparatus further 
comprises an inlet fiuidly connected to the pressure vessel. 

5 39. The system for purifying a liquid of claim 36, wherein the apparatus further 
comprises an outlet fiuidly connected to the pressure vessel. 

40, The system for purifying a liqmdofclaim 36, wherein the apparatus fi^ 
comprises an ion exchange compartment ejq>osed to a liquid within the pressure 

10 vessel. 

41. The system for purifying a Uquid of claim 36, further comprising a reservoir 
fiuidly connected to the point of entiy. 

15 42. The system for purifying a liquid of claim 36, further comjprising a water 
distribution system fiuidly connected to the apparatus. 

43 . The system for purifying a liquid of claim 36, further con:q>rising an enc^late 
constructed and arranged to be secured to the pressure vessel. 

20 

44. The system for purifying a liquid of claim 43, further con:q)rising an insulating 
material attached to the end^late. 

45. The system for purifying a liquid of claim 44, wfaerem the msulating material 
25 electrically insulates the endplate from an interior of the pressure vessel. 

46. The system for purifying a liquid of claim 45, further comprising an electrode 
attached to the ingulat iTig material. 

30 47. A method of &cilitating purification of a liquid, comprising: 

providing a pressure vessel fiuidly connectable to a pomt of entry; 
providing an electrical purification apparatus coiistmcted and arranged to 
produce a non-radial flow fli^in; 
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positioning the apparatus within the pressure vessel; and 
providing a point of use fluidly connectable to the apparatus. 

48. The method of fecilitatmg purification of a liquid of claim 47, wherein the 
5 apparatus comprises an electrodeionization device. 

49. A system for purifying a liquid, comprising: 

an electrical purification apparatus comprising an ion exchange 
compartment, the apparatus constructed and arranged to produce a non-iadial 
10 flow therein, the ion exchange compartment constructed and ananged to produce 

a constant liquid velocity therein; and 

. a substantially cylindrical pressure vessel surrounding the apparatus. 

50. The system for purifying a liquid of claim 49, wherein flie apparatus comprises 
1^ an electrodeionization device. 

51 . An endbloci^ comprising: 

an endplate constructed and arranged to be secured to a pressure vessel; 

and 

20 an insulating material attached to the endplate, wherein the insulating 

material electricalfy insulates the endplate ftom an interior of the pressure vessel. 



52. 



The endblock of claim 51, further comprising: 

an electrode attached to the insulating material. 
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